ABSTRACT Background: The Women's Health Initiative Dietary Modification Trial tested the effects on chronic disease of a dietary pattern lower in fat and higher in vegetables, fruit, and grains. Objective: The objective was to evaluate the effects of dietary carbohydrate changes on lipids and lipoprotein composition. Design: Postmenopausal women were randomly assigned to an intervention or a comparison group for a mean of 8.1 y. Lipoprotein analyses and subclasses were based on subsamples of 2730 and 209 participants, respectively. Results: At year 6, the total reported fat intake was 7.8% lower and carbohydrate intake was 7.6% higher in the intervention group than in the comparison group. Triglyceride change between groups differed by 2.3, 3.8, and 20.8 mg/dL at 1, 3, and 6 y, respectively, and HDL-cholesterol change differed by 21.6, 20.7, and 21.0 mg/dL at 1, 3, and 6 y, respectively. Changes did not differ by age, ethnicity, or obesity. In diabetic intervention women who were white, the triglyceride difference between the intervention and comparison groups was 33.8 mg/dL, whereas in black women with diabetes (n = 50 in the intervention group; n = 83 in the comparison group), the triglyceride difference was 6.4 mg/dL (P for 3-factor interaction = 0.049). No significant changes were observed in apolipoprotein or lipoprotein particles. Reductions in LDL cholesterol varied by quartile of reported lowering of saturated or trans fat. Conclusions: The replacement of 7-8% of fat intake with complex carbohydrates over 6 y was not associated with clinically adverse effects on triglycerides, HDL cholesterol, or lipoprotein subclasses. Diabetic white women with higher triglyceride concentrations may have greater increases in triglycerides.
INTRODUCTION
The link between diet and plasma lipids and lipoproteins has been recognized since the 1950s (1). Since then, observational studies have established a link between dietary saturated and trans fats and LDL cholesterol (2) . Some studies of increased carbohydrate intakes, especially of sugars, have resulted in elevated triglycerides and sometimes lower HDL-cholesterol concentrations and changes in LDL-cholesterol composition (3) (4) (5) (6) (7) . More recent studies have focused on glycemic index (GI) and glycemic load (GL). In observational studies, GI and/or GL generally have shown positive associations with triglycerides (8) (9) (10) (11) and inverse associations with HDL cholesterol (9, (12) (13) (14) (15) . The effects of reduced-GI and/or reduced-GL diets on HDL cholesterol and triglycerides in randomized controlled trials have been less consistent. All of the trials that examined either carbohydrate intake or GI/GL have been short (,1 y), and most have been conducted in overweight or obese participants (9, 10, 15) .
The Women's Health Initiative (WHI) Dietary Modification (DM) Trial tested the effects of a dietary pattern low in total fat, along with increased vegetables, fruit, and grains, on chronic diseases in postmenopausal women during a mean 8.1 y of follow-up (16, 17) . A recent publication showed no reduction of cardiovascular disease (CVD); trends toward greater reductions in LDL cholesterol and coronary heart disease risk were observed only in those who reported lower intakes of saturated fat or trans fat or higher intakes of vegetables and fruit (18) . Despite the increased carbohydrate intake in the intervention group, no endof-trial changes in triglycerides or HDL cholesterol were observed (18) . In this article, the effects of the WHI diet, particularly the effects of the carbohydrates on lipids and lipoprotein composition, were evaluated.
formed consent, and the study was approved by the local institutional review boards as well as by the Coordinating Center Institutional Review Board and the National Institutes of Health (NIH). Briefly, 48,835 women aged 50-79 y were enrolled between 1993 and 1998 at 40 clinical centers throughout the United States and were randomly assigned to an intervention group (DM-I) (40%, n = 19,541) or a usual diet comparison group (DM-C) (60%, n = 29,294) ( Figure 1 ) by using a randomized permuted block algorithm with a block size of 8, stratified by clinical center site and age group. Ethnicity was classified by self-report with the use of options listed on the personal data form completed by all participants at baseline.
Eligibility criteria included being postmenopausal and consuming at baseline a diet with a fat intake 32% of total energy, as assessed by a food-frequency questionnaire (FFQ). Major exclusions for WHI included prior breast or colorectal cancer, other cancers except nonmelanoma skin cancer in the past 10 y, medical conditions with predicted survival ,3 y, and adherence concerns such as alcoholism. Additional DM trial-specific exclusions included type 1 diabetes and frequent consumption of meals prepared away from home. The analyses in this manuscript are based on the subsample of 2730 women for whom plasma lipoproteins were measured. This subsample was chosen at random, with overselection for minority women.
The intervention was designed to promote dietary change, with the goals of reducing total fat intake to 20% of energy and increasing vegetable and fruit intakes to 5 servings and grain intake to 6 servings/d. The intervention did not include total energy reduction or weight-loss goals. Although not a separate focus of the intervention, it was presumed that by reducing total fat intake to 20% of energy, saturated fat would also be reduced to 7% of energy.
The intensive behavioral modification program included 18 group sessions in the first year and quarterly maintenance sessions thereafter, led by specially trained and certified nutritionists. Each participant was assigned her own fat gram goal, calculated on the basis of height. Participants self-monitored their daily fat gram intake and servings of vegetables, fruit, and grains. No formal intervention regarding saturated fat, cholesterol, trans fatty acids, or other known atherogenic factors was provided. Details of the intervention strategies and limitations were published previously (17, 19, 20) .
Group activities were supplemented during the intervention by individual interviews that used validated reflective listening techniques, targeted message campaigns, and personalized feedback on fat intake. Individual contacts were completed by telephone or mail. The DM-C participants received a copy of the Dietary Guidelines for Americans and other health-related materials, but had no contact with the nutritionists. DM trial participants were invited to participate concurrently in a WHI hormone therapy (HT) trial (estrogen alone or estrogen plus progestin) (20) . Participation in a trial of calcium and vitamin D supplementation was offered after 1 y (21) . Of all DM participants, 42.2% joined the dietary trial only, 16.5% were in the dietary trial and the hormone therapy trial, 51.6% were in the dietary and the calcium trials, and 10.3% were in all 3 trials. Details of the hormone therapy and calcium trials were published previously (20, 21) . The results of this report were not influenced by assignment to hormone or calcium/vitamin D randomization group.
On the basis of the intent-to-treat criteria, the participants were followed from the date of entry until death, loss to follow-up, request for no further contact, or to the trial's planned completion date, regardless of their adherence to the dietary intervention. All dietary trial participants were contacted by clinic staff at 6-mo intervals to provide information on health outcomes. Height, weight, waist circumference, and blood pressure were measured at annual visits by using standardized procedures. Physical activity was assessed at baseline and years 1, 3, 6, and 9; questions assessed walking and sports, and hours of activity per week were calculated for each participant. Physical activity was expressed as metabolic equivalents per week for the analysis. Diabetes was defined as self-report of physician diagnosis, use of hypoglycemic medication, or fasting glucose .125 mg/dL.
All DM participants completed an FFQ, designed specifically for the study (22) at baseline and 1 y. Thereafter, one-third of the participants completed the FFQ each year in a rotating sample; completion rates were 100% at baseline and 81% thereafter. Follow-up dietary intake data were computed from FFQs administered from years 5 to 7 (designated as year 6 follow-up), thus including all participants. The methods for assigning the GI and GL values used in the WHI FFQ were reported previously (23) . Four-day food records (4DFRs) were provided by all women before randomization and by 4.6% at year 1. The analyses are based on FFQ data, but the results did not differ in those for whom 4DFR data were available. Fasting blood samples were collected at baseline and year 1 from all DM participants and from 5.8% (n = 2816) of a subsample of women at years 3 and 6. The subsample was randomly chosen with an oversampling of minority women, where the odds for selection were 6-fold higher than for white women. The analyses are based on the subsample of DM participants who had blood samples analyzed at baseline and years 1, 3, and 6.
Laboratory methods
Blood samples were drawn after the subjects fasted overnight (12 h) at all time points and were stored at 270°C until assayed. All lipids and lipoprotein subfractions were analyzed from EDTA-treated plasma. Total cholesterol and triglycerides were measured enzymatically, HDL cholesterol was measured by manganese sulfate precipitation, and LDL cholesterol was calculated according to the method of Friedewald (24) . HDL2 and HDL3 were measured by ultracentrifugation and lipoprotein(a) [Lp(a)] by gel electrophoresis (25, 26) .
Lipoprotein subclassification (type, size, and concentration) was performed on samples from 209 participants at baseline and year 1 who were in the hormone trials and also in the DM trial, as part of a nested case-control study of CVD, biomarkers, and hormone therapy. Lipoprotein particles were quantified via nuclear magnetic resonance (NMR) spectroscopy (27) by using an automated commercially available assay (LipoScience Inc, Raleigh, NC). Details of the NMR methodology were published previously (27) .
Data analysis
All primary analyses were based on the intent-to-treat principle. Baseline values and nutrition data and lipid and lipoprotein values taken at the various time intervals were compared between randomization groups in the 5.8% subsample. Participants with missing values for total cholesterol or triglycerides at baseline were excluded (n = 86). A total of 2730 participants were included in the analyses of baseline lipid values and 2423, 2157, and 1009 participants for years 1, 3, and 6, respectively. Because hormone use influences apolipoprotein and lipoprotein distribution, the analyses of these variables were performed first by using only the women in the control groups (n = 99) of the hormone trials and then using all 209, with adjustment for hormone use.
Secondary analyses compared changes in the intervention and comparison groups stratified by baseline characteristics (eg, ethnicity, age, and body mass index) and other characteristics known to influence lipoproteins. For the analysis of baseline percentage of energy intake from fat, carbohydrate, and other dietary components, data from baseline 4DFRs were also used, as described previously (16, 17) . The possibility of subgroup effects was explored by testing for interactions in expanded models. Thirty-two subgroups were tested; thus, 2 would be expected to be significant by chance alone at the 0.05 level of significance. Secondary analyses also were conducted to examine the relation in the intervention group between lipid and lipoprotein changes at years 3 and 6 and quartiles of specific nutrient intakes at year 1 (ie, percentage of energy from fat, vegetables/fruit, and grain). Other dietary components not specific to the intervention but believed to influence lipoproteins were similarly assessed, including saturated fats, polyunsaturated fats, trans fatty acids, fiber, total carbohydrate, simple sugars, GI, GL, and Katan Index (DLDL = 1.28Dsaturated fat -0.24Dmonounsaturated fat 2 0.55Dpolyunsaturated fat) (29) . The analyses were adjusted for energy intake, baseline lipoprotein values, and known correlates of trial adherence; the lipoprotein changes in the comparison group were used as the reference. Statistical analyses were performed by using SAS (version 9.1; SAS Institute Inc, Cary, NC).
RESULTS
The prespecified randomly selected subset for whom blood data were available was ethnically diverse (51% minority) and included a range of education and income levels; 3.8% had a history of CVD ( Table 1) . Baseline characteristics were similar between the intervention and comparison groups, except for the prevalence of hypertension (P = 0.02). The women in this subset and the whole DM trial reflect the characteristics of the general population of women of this age throughout the United States, except that they had somewhat higher obesity, income, and education levels and lower smoking rates (17) . Lipid-lowering medication use was reported by 12% of women in both the intervention and comparison groups.
Nutrient data based on the FFQs for both groups at baseline and at years 1, 3, and 6 are shown in Table 2 . Taken as a whole, no meaningful changes were seen in any of the self-reported dietary components in the DM-C group, whereas the DM-I group experienced changes in all dietary components at 1, 3, and 6 y. Mean total fat intake fell from 38% to 25% of energy in year 1 and was 10.4% lower in the DM-I group than in the DM-C group at year 1. By year 6, mean total fat intake had risen to 29% of daily calories in the DM-I group, with a difference of 7.8% between the 2 groups (all P , 0.001). Saturated, monounsaturated, polyunsaturated, and trans fats all decreased proportionately, with greater differences in year 1 between the DM-I and DM-C groups, but significant decreases were maintained through year 6 (all P , 0.001). Carbohydrate intake increased from 46% to 58% of daily calories in year 1 and was 10% higher than in the DM-C group; the difference between groups was 7.6% by year 6 (P , 0.001 for all years). GI did not change, but sugar intake increased to 28.1% of energy and was 4.7% higher. GL was 14.1 units higher in year 1 in the DM-I group than in the DM-C group. Differences in sugar intake and GL were 4.0% and 6.7 units at year 6, respectively. Vegetable/fruit intake was higher in the intervention group by 1.3 servings/d throughout the trial. Fiber intake in the DM-I group was 3.6 g/d higher at year 1 and 2.6 g/d higher at year 6, compared with the DM-C group. Reported declines in nutrient differences between the groups from year 1 to year 6 were gradual, with intermediate values for all nutrients in year 3.
During the course of the trial, women in the DM-I showed trends toward lower body weight and waist circumference ( Table 3 ) compared with women in the DM-C; the differences were significant in the whole cohort, and weight differences were greater in women who had greater decreases in reported fat intake (28) . A small difference in physical activity was observed between the groups only at year 6, with DM-C women slightly less active.
The differences in the changes in LDL cholesterol between the DM-I and DM-C groups of 1.2, 2.8, and 0.9 mg/dL after 1, 3, 
TABLE 2
Baseline and follow-up nutrient intakes among participants who provided blood samples 
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TABLE 3
Changes in lipoproteins and other relevant variables at years 1, 3, and 6, by randomization group All values are means or means (95% CIs). METs, metabolic equivalent tasks; LDL-P, LDL particle number; HDL-P, HDL particle number; VLDL-P, VLDL particle number; DM-I and DM-C, women in the intervention and comparison groups in the Women's Health Initiative Dietary Modification Trial, respectively; Lp(a), lipoprotein(a); HDL2 and HDL3, HDL subfractions isolated by ultracentrifugation.
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Significant difference, P , 0.001 (2-sample t test).
3
Significant difference, P , 0.05 (2-sample t test).
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Geometric means reported at baseline and year 1. LOW-FAT DIET AND LIPOPROTEIN RISK IN THE WHI and 6 y (P = 0.25, 0.03, and 0.68, respectively) ( Table 3 and Figure 2) were consistent with what would be predicted given the small decline in reported saturated fat intake and an accompanying decline in reported polyunsaturated fats (30) . Parallel differences in non-HDL cholesterol occurred. No differences in triglyceride concentrations were observed between the DM-I and the DM-C groups, even at year 1. HDL cholesterol tended to be ,1 mg/dL lower in the DM-I group than in the DM-C group. Changes in triglycerides and HDL cholesterol were nearly identical, and statistical significance remained unchanged after adjustment for weight loss. Baseline lipoprotein subfraction data were available from 209 women in the hormone trials. At year 1 only, a significant increase was observed in VLDL size as was a trend toward a lower number of VLDL particles in the DM-I than in the DM-C group; no significant changes were observed in LDL or HDL size or particle number (Table 3) . Adjustment for hormone treatment did not influence the lipoprotein particle data.
To determine whether changes in lipoproteins depended on the baseline characteristics of the participants, several stratified analyses were conducted comparing the DM-I with the DM-C group (Table 4) . Although no ethnic differences in clinically meaningful triglyceride increases were noted, a trend toward greater difference in triglyceride changes was observed in white women than in black or Hispanic women in the intervention group (6.0 mg/dL compared with 24.1 mg/dL and 27.8 mg/dL, respectively; P for interaction = 0.13). There were no differences in triglyceride changes in obese women or in those with the metabolic syndrome. No significant differences in triglyceride changes between groups were observed when stratified by baseline triglycerides.
There were interactions of interest with diabetes. The triglyceride response in diabetes differed by ethnic group. In white women with diabetes (DM-I: n = 40; DM-C: n = 63), the triglyceride difference between the DM-I and DM-C groups was 33.8 mg/dL, whereas in black women with diabetes (DM-I: n = 50; DM-C: n = 83) the triglyceride difference was 6.4 mg/dL (P for 3-factor interaction = 0.049, adjusted for baseline triglycerides). Baseline triglyceride concentrations in white and black diabetic women were 215.0 and 138.4 mg/dL, respectively ( Figure 3 ). These interactions of race with diabetes did not persist in years 3 and 6 (P for 3-factor interaction = 0.263 and 0.558). Also in women with diabetes, the triglyceride change tended to be greater in those with higher baseline triglycerides (+12 mg/dL in those with triglycerides .162 mg/dL and +1 mg/dL in those with triglycerides ,108 mg/dL; P for 3-factor interaction = 0.11). In those who reported consuming more carbohydrates at baseline (. 49%), differences between groups in triglyceride changes were 5.9 mg/dL compared with 21.0 mg/dL in those with reported baseline carbohydrate consumption ,44% (P for trend = NS); there was no suggestion of greater triglyceride differences in those with higher GI or GL values at baseline.
In the stratified analyses of baseline characteristics associated with changes in HDL cholesterol, race-ethnicity had no influence on changes in HDL cholesterol. Greater decreases (.2 mg/dL) in HDL cholesterol occurred in those who were not obese, had an HDL-cholesterol concentration 64 mg/dL, reported the lowest monounsaturated fat intake (P for interactions = 0.007, 0.02, and 0.003, respectively), or had the highest alcohol intake (P = 0.05). Lipid-lowering medication use did not influence changes in triglycerides and HDL cholesterol (P for interaction = 0.53 and 0.45). When baseline 4DFRs were used instead of the FFQ, the analysis of the effects of baseline intake on lipid changes did not differ (data not shown).
To determine whether changes in specific components of the diet would have a greater effect on lipoproteins, we examined changes in triglycerides, LDL cholesterol, HDL cholesterol, and non-HDL cholesterol in individuals, stratified by quartiles of reported levels of key nutrients at year 1 by using the change in the DM-C group as the reference. Models were adjusted for age, ethnicity, body mass index, hypertension, high cholesterol (defined as taking lipid-lowering medications), smoking, diabetes, physical activity, education, alcohol, hormone trial treatment arm, baseline levels of lipoprotein, and energy intake ( Table 5) . Changes in LDL cholesterol and non-HDL cholesterol were greater in those who reported lower levels of saturated (P , 0.001) and trans (P , 0.05) fats, and, in the case of LDL cholesterol, had the greatest change in Katan score (P , 0.001).
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Increases in triglycerides were greater in those who reported the highest GL (P = 0.09) and in those who decreased activity levels (11 compared with 24.0 mg/dL; P = 0.006). Similarly, decreases in HDL cholesterol were greater in those reporting the lowest total fat (P , 0.001), highest carbohydrate (P = 0.01), highest fiber (P = 0.02), and highest sugar (P , 0.001) intakes, but when trends in change in HDL cholesterol were observed, decreases were never .3 mg/dL. The same patterns were seen at years 3 and 6 with no amplification of any of the trends. Use of year 1 4DFR data showed similar trends (data not shown).
DISCUSSION
This large long-term randomized trial of a dietary intervention ended with a 7.8% lower intake of energy from total fat and a 7.6% higher intake of carbohydrate. There was a nonsignificant trend toward lower rates of breast cancer [relative risk (RR): 0.91; 95% CI: 0.83, 1.01] (30), and lower rates of ovarian cancer (RR: 0.83; 95% CI: 0.60, 1.11) (31), but no overall effects on coronary heart disease or stroke (18) . Because some studies (3, 5-7) and a major meta-analysis (4) have indicated that replacing dietary fat with carbohydrate elevates triglycerides and lowers HDL cholesterol, the present analysis was initiated to examine lipoprotein changes over a 6-y period. In this sample of postmenopausal women without severe hypertriglyceridemia at baseline, no clinically meaningful increases in triglycerides or decreases in HDL cholesterol occurred, regardless of age, race, or obesity. However, 2 interactions were potentially significant. In diabetic women with higher triglycerides at baseline, there was a 16% difference in triglyceride changes between the DM-I and DM-C groups, and white, but not black, women with diabetes experienced increases in triglyceride of 11.9% with the low-fat, highcarbohydrate diet.
Subgroup analyses explored the effects of changes in individual dietary components. The relation between carbohydrate intake and triglycerides has been the focus of much attention. Metabolic studies have shown that the increase in triglycerides can be the result of a decreased clearance of VLDL particles (32) . In earlier studies, lower-fat, higher-carbohydrate diets usually contained higher amounts of simple carbohydrate and no additional fiber. More recent work has suggested that simple sugars (33, 34) , and GI and/or GL might be responsible for the increases in triglycerides. Our analyses showed trends toward a greater increase in triglycerides in women reporting the highest GL. In our intervention, participants were counseled to replace dietary fat with vegetables, fruit, and grains; thus, there was not a large increase in simple sugar and no increase in GI, although the GL did increase. Thus, our results, although based solely on FFQ assessments, suggest that a dietary strategy that replaces '8% of fat with appropriate carbohydrates will not have clinically meaningful adverse effects on triglycerides in most individuals. Even in individuals starting at higher levels of reported carbohydrate consumption, no trend toward greater increases in triglycerides was observed. Because our highest tertile of reported baseline carbohydrate was .49% of calories, we cannot rule out effects in those with extremely high carbohydrate intakes. However, in the POUNDS LOST (Preventing Overweight Using Novel Dietary Strategies) Study, weight loss at 6 mo with a higher-carbohydrate but not with a lower-carbohydrate diet did not show clinically meaningful differences in triglycerides (8.1 mg/dL); the reported difference in dietary carbohydrate (57% compared with 43%) was almost twice that in the present study (35) . Furthermore, even in those with greater reported fat reductions, there were decreases in LDL cholesterol and non-HDL cholesterol; regardless of how these decreases are achieved, they should decrease the CVD risk.
We observed minimal adverse effects of the diet on HDL cholesterol during the 6 y for which blood samples were available. Other studies of the effects of higher-carbohydrate diets on HDL cholesterol have been contradictory (4, 34) . Our diet had the most adverse effect on HDL cholesterol in those who were at the lowest baseline CVD risk-those who were not obese, did not have the metabolic syndrome or diabetes, or had the highest HDL cholesterol (.64 mg/dL) or lowest triglyceride (,108 mg/dL) concentrations. Epidemiologic data have consistently shown an inverse relation between HDL cholesterol and a positive relation between triglycerides and CVD risk. Whether improving triglyceride and HDL-cholesterol concentrations with a diet intervention will reduce the CVD risk is unknown. Although no metabolic studies have been conducted, an increase in VLDL particles could conceivably result in lower HDL-cholesterol concentrations through increased cholesterol ester transfer protein (CETP) activity. As with triglycerides, our subgroup analyses, again based on an FFQ, suggest greater decreases in HDL cholesterol in the women who reported the highest GL and also in those who reported the greatest increases in simple sugar intake. However, the differences were modest (,3 mg/dL); it is likely that alterations that result in greater increases in VLDL particles will be accompanied by lower HDL cholesterol. Our study did not evaluate whether extremely high carbohydrate, GL, and sugar intakes can result in clinically meaningful decreases in HDL cholesterol. As expected, those who reported the lowest intake of total fat, including saturated and polyunsaturated fats, also had the greatest decrease in HDL cholesterol.
We explored the possibility that the low-fat diet might be detrimental to subsets of individuals. Triglyceride and HDL- cholesterol results did not vary by baseline lipid concentrations. They also did not vary by age, obesity, or alcohol intake-all variables known to affect triglycerides and HDL cholesterol. On the other hand, differences were observed related to diabetes and higher baseline triglycerides. In the DM-I group, women with diabetes had greater increases in triglycerides than did women without diabetes, although the interaction was not statistically significant, and the differences were small. The effect of increasing carbohydrate intake in diabetes differed by ethnicity. The increase in triglycerides was more marked in diabetic white women, with the increase averaging 34 mg/dL, whereas triglycerides decreased in black women with diabetes (P = 0.049 for this 3-factor interaction). This interaction may be related to the observation that, in diabetic women, the increase in triglycerides was higher in those with higher baseline triglycerides. This interaction remained significant after adjustment for baseline triglycerides. A metabolic basis may exist for the ethnic interaction. Triglyceride concentrations were lower in black than in white women; the baseline triglyceride concentration was 215 mg/dL in diabetic white women and was 138 mg/dL in diabetic black women. Because the clearance of VLDLs is higher (36) , VLDL clearance may not be inhibited by increasing carbohydrate intakes in black women. Further studies are warranted to explore the effect of carbohydrate on VLDL metabolism in diabetic black and white women.
As reported previously, changes in LDL cholesterol and in non-HDL cholesterol with the WHI diet were minimal, and the ratio also did not change substantially during the trial. The intervention was designed to focus on lowering rates of breast and colorectal cancer by reducing total dietary fat. DM-I women reported saturated fat and cholesterol intakes that were ,10% of total energy and ,300 mg/d, respectively. However, the declines in saturated and trans fat intakes were small, and intakes of polyunsaturated fat also declined. These are the primary dietary 1 MET-h, metabolic equivalent task hours. Changes in the intervention groups were compared with changes in the comparison group; adjusted for age, hormone therapy randomization arm, BMI, race-ethnicity, education, treated diabetes, hypertension, current smoking, high cholesterol requiring medication, total physical activity, baseline total energy, alcohol intake, and baseline lipoprotein concentration.
2 Determined from a linear regression model in which the dependent variable was the change in lipoprotein and covariates included a linear term for quartiles of the dietary component using the comparison group as reference and adjusted for the variables listed above.
3 Katan score estimates the effect of changes in carbohydrate and fatty acid intakes on lipid and lipoprotein concentrations. An estimated equation for non-HDL-C was not available.
determinants of LDL cholesterol. When the equation of Mensink and Katan (29) was applied, the observed changes in LDL cholesterol were as predicted. The subgroup analyses (Table 5) verified greater decreases in LDL cholesterol and non-HDL cholesterol with greater declines in saturated or trans fat.
Lipoprotein subfraction data were available for only 137 women at baseline and year 1. The data suggest that the diet resulted in a small increase in VLDL size, but the decrease in VLDL particles was not significant. Because increasing carbohydrate intake impairs VLDL clearance (32) , larger particles may be affected more; this hypothesis must be confirmed in a larger sample. No significant changes were observed in LDL or HDL particle size or number, which was not surprising given the relatively minor differences in VLDL triglycerides.
This study had many strengths, including its randomized design, long-term follow-up, large sample size, and ethnic and socioeconomic diversity. Limitations include the relatively small numbers of women for whom lipoprotein data are available, especially for the subfractions, and the lack of targeting key nutrients relevant to lipoproteins. Data before 1 y of intervention were not available; therefore, we were not able to examine possible early changes.
This study was limited to women aged 50-79 y; there may have been greater changes in men or if the diet had been initiated at younger ages. In addition, it was not designed to assess strategies for increasing carbohydrate intake. Mean lipid concentrations at baseline were close to optimal; extrapolation of the results to a more dyslipidemic population at higher risk of CVD should be avoided. It must be stressed that we used the FFQ to assess food intake; thus, these analyses will be biased by errors in self-report (37, 38) . Our validation study in a subset of women suggested that percentage of energy from fat at baseline may have been overestimated by 2-3% (39). Finally, there was major confounding of analyses of individual nutrients because of their interrelations in many foods.
In conclusion, this long-term dietary intervention in postmenopausal women, intended to reduce fat and increase vegetables, fruit, and grains, ended with a reported 7.8% decrease in energy from total fat and corresponding increases in carbohydrate and GL. The intervention did not result in clinically meaningful increases in triglycerides or decreases in HDL cholesterol over the 6 y of observation in most of the women. This study provides long-term data on the stability of lipoprotein risk factors during a dietary strategy, which promoted replacing fat with complex carbohydrates. Thus, this diet, combined with increased activity, may be used by persons choosing to restrict calories by reducing fat intake to achieve weight loss. Because therapies that lower LDL cholesterol and non-HDL cholesterol reduce CVD risk, dietary interventions should focus on strategies that affect these 2 lipid variables. The observation that this diet might induce elevations in triglycerides in white women with diabetes or in diabetic women with high triglyceride concentrations requires further investigation.
